Purpose: Additional analyses of outcomes of laser-assisted subepithelial keratectomy (LASEK) are still necessary to improve the safety of LASEK. Therefore, in our study, outcomes were assessed retrospectively in 561 eyes that underwent LASEK treatment. Methods: Uncorrected visual acuity (UCVA), best spectacle-corrected visual acuity (BSCVA) and residual spherical equivalent were analyzed at 3 and 6 months postoperatively. We assessed four subgroups based on the degree of preoperative myopia considering mean BSCVA and loss of two or more lines. Results: Mean UCVAs and BSCVAs were obtained at 3 and 6 months postoperatively (1.23/1.35 and 1.23/1.37, respectively). The mean predictability was within ±0.125 diopters. Conversely, the safety indexes were 0.94 and 0.96 respectively, and the efficacy indexes were 0.86 and 0.86 at 3 and 6 months postoperatively, respectively. 8.4% eyes and 5.2% eyes lost two or more lines of BSCVA at 3 and 6 months postoperatively, respectively. The mean BSCVAs of the high or ultra-high groups were significantly lower than those of the low or mild groups both 3 months and 6 months postoperatively. The incidence rates of losing two or more lines of BSCVA in the high or ultra-high myopia groups were significantly greater than in the low or mild groups at 3 months and 6 months postoperatively. Conclusion: LASEK predictably corrected myopia achieving >1.2 in UCVA and BSCVA. However, the safety and efficacy indexes were <1.0, which were related to the loss of two or more lines of BSCVA. Since the incidence rates of losing two or more lines of BSCVA were greater in the high or ultra-high myopia groups, we consider LASEK as more safely performed in patients with low to mild preoperative myopia.
Introduction
Laser-assisted subepithelial keratectomy (LASEK) combines the advantages of photorefractive keratectomy (PRK) and laser-assisted in situ keratomileusis (LASIK) while avoiding the disadvantages of LASIK. It has no flap-related complications, reduces the risk of keratectasia associated with LASIK and had been shown to be a safe, effective and predictable treatment for low [1] , mild [2] and high [3] - [6] myopia from its introduction [7] [8]. Nevertheless, a clinically significant haze has occurred in >30% [7] [9] of eyes at 3 months, 6.9% [4] of at 6 months and 3.8% [10] of eyes at 1 year. Moreover, 14.3% of eyes reportedly lose more than one line after LASEK compared with 1.2% for LASIK at 1 year [6] . The efficacy of mitomycin C (MMC) [11] in reducing the incidence of these complications has led to its widespread use in most refractive surgery practices. However, the mechanism of action and possible toxicity of this drug remain subjects of intense debate. Therefore, there is controversy about the outcomes of LASEK [12] - [14] .
We believe additional analysis of outcomes of LASEK without MMC is still necessary to improve the safety of LASEK. Therefore, LASEK outcomes were assessed retrospectively and the mean best spectacle-corrected visual acuity (BSCVA) and loss of two or more lines following LASEK were evaluated according to the degree of preoperative myopia.
Materials and Methods

Patients
The originally considered 821 eyes underwent LASEK between November 2000 and November 2011. All eyes with a history of previous refractive surgery, preoperative BSCVA of 0.9 or worse, and that had undergone the procedure with the aim of near correction were excluded. Eyes in which decimal visual acuities were not measured at both 3 months and 6 months postoperatively were also excluded. Two hundred and sixty eyes were excluded and 561 eyes remained in the study and were analyzed. The mean patient age was 30.2 ± 8.5 years (range 16 -61 years). Three hundred and eighteen patients (56.7%) were male and 243 (43.3%) were female.
Surgical Procedure
A standard LASEK technique, as described previously, was used [7] . In brief, after topical anesthesia, positioning marks were made on the corneal surface and a circular well was used to administer 20% alcohol for 20 -30 seconds to the corneal epithelial surface. The loosened epithelium was then peeled back using a spatula. All photorefractive ablations were performed with the VISX Star Excimer Laser System (AMO, Abbott Park, IL, USA). After standard laser, the epithelial sheet was gently repositioned and the epithelium was carefully realigned and allowed to dry. A combination of antibiotics and steroid eye drops was then administered, followed by insertion of a bandage contact lens to reduce mechanical friction by the eyelid and postoperative pain. The postoperative regimen included topical antibiotics, diclofenac sodium and topical steroid eye drops four times per day in all patients and short-term systemic steroids in some patients to reduce the initial inflammatory damage to the corneal stroma. The topical eye drops were continued for 3 months after surgery and then were tapered off.
Analysis of Data
The LASEK outcomes were assessed at 3 months and 6 months postoperatively. The safety index of LASEK is defined as mean postoperative BSCVA/mean preoperative BSCVA. The efficacy index is defined as mean postoperative uncorrected visual acuity (UCVA)/mean preoperative BSCVA. Predictability is evaluated by postoperative mean spherical equivalents (SE). Mean BSCVA and loss of two or more lines of BSCVA were also compared between four subgroups composed of various degrees of preoperative SE: low [ 
Results
Preoperative data are shown in Table 1 and postoperative data are shown in Table 2 . The mean decimal visual To compare visual outcomes according to degree of myopia, the eyes were classified into four subgroups based on degree of preoperative SE: low (n = 74), mild (n = 216), high (n = 218) and ultra-high (n = 53). Figure 1) . The mean BSCVAs of the high or ultra-high groups were significantly lower than those of the low or mild groups both 3 months and 6 months postoperatively (p < 0.01 with the multiple comparison procedure by Bonferroni adjustment). Losing two or more lines of BSCVA occurred in 2/74 (2.7%), 9/216 (4.2%), 25/218 (11.5%), and 11/53 (20.8%) eyes at 3 months postoperatively and in 0/74 (0%), 2/216 (0.9%), 22/218 (10.1%), and 5/53 (9.4%) eyes at 6 months postoperatively in the low, mild, high and ultra-high myopia groups, respectively (Figure 2) . The rates of losing two or more lines of BSCVA in the high or ultra-high groups at 3 months postoperatively were significantly higher than those of the low or mild groups 3 months postoperatively (p < 0.05 with Fisher's exact test). The rates of losing two or more lines of BSCVA in the high or ultra-high groups were significantly higher than those of the low or mild groups 
Discussion
Recently, analyses of large numbers of patients treated with LASEK have been published [7] [15] [16] . Zhao et al. [15] reported a comprehensive literature search using Cochrane Collaboration methodology to identify randomized controlled trials of PRK (499 eyes) versus LASEK (512 eyes); however, this study had the drawbacks of being a systematic review and meta-analysis. Bentio-Llopis et al. [16] evaluated 1036 eyes treated with LASEK in a single institution and their data showed LASEK is definitely effective, safe and predictably corrects myopia. However, because they used MMC 0.02% in 80.7% of 1036 eyes treated with LASEK, which would have modified the outcomes, it is not possible to conclude whether LASEK without MMC is effective or safe. In our study, we were able to retrospectively evaluate the outcomes of LASEK (561 eyes) without administering MMC in a single institution where surgical nomogram, laser systems and intraoperative and postoperative procedures were identical, thus avoiding many potentially confounding factors. Consequently the safety index and efficacy index were <1.0, although the mean decimal VA of postoperative UCVA was 1.23 and the mean decimal VA of postoperative BSCVA was >1.35. We found losing two or more lines of BSCVA occurred as well. Therefore we discuss how to perform LASEK in a safer manner.
In regard to losing two or more lines of BSCVA, Taneri et al. [7] reported that only one eye of 1421 eyes (<0.1%) lost two lines of BSCVA. This rate is very low compared with the rate reported by Bentio-Llopis et al. [16] or our results. One possible explanation for this discrepancy is that Taneri et al. derived their data from a literature review. A larger series than reported here is needed to detect any statistically significant adverse outcomes of visual loss. The report of Bentio-Llopis et al. [16] is very important in that, in their study, 23 of 1036 eyes (1.93%) and 10 eyes of 1036 eyes (0.96%) lost two or more lines of BSCVA at 3 months and 6 months postoperatively, respectively. This is low compared with our findings that 47/561 (8.4%) and 29/561 eyes (5.2%) lost two or more lines of BSCVA at 3 months and 6 months postoperatively, respectively. One possible explanation for this discrepancy is the different frequency of use of MMC in the two studies. Second, the incidence and severity of corneal haze as a LASEK complication is reported to peak at 1 month to 3 months and resolve to a low grade after 6 months [9] [15] [17] . If we followed up the stability for a longer time, the rate of losing two or more lines of BSCVA might become lower, which is why our report has a weak point. The third possibility is that only 561 of the original 821 patients enrolled in our study attended follow-up sessions, necessitating exclusion of the other 260 patients. If we presume that these 260 patients were satisfied with the outcome of their LASEK operation, which is a likely explanation for their failure to attend follow-up sessions, this would have skewed the results toward an increased incidence rate of losing two or more lines of BSCVA.
The causes of loss of BSCVA after refractive surgery are thought to be loss of corneal clarity secondary to haze or scarring, irregular astigmatism secondary to eccentric ablation, a central island or corneal ectasia, flaprelated complications and epithelial in-growth. Because the LASEK procedure in particular results in cells losing their integrity and capacity to adhere and recover, corneal haze does influence visual outcomes and is a main reason for loss of BSCVA. In our study, corneal haze should also be a main reason for loss of BSCVA, because corneal haze contributed to 24 of 47 (51.1%) and 19 of 29 (65.5%) eyes of those that lost two or more lines of BSCVA at 3 months and 6 months postoperatively, respectively. Thus, some risk is inescapable with a LASEK procedure [8] [15] and, therefore, use of MMC might lead to widespread reduction in the incidence of this complication. Nevertheless, when applied to the cornea, MMC could potentially damage corneal epithelial [18] [19] , stromal cells [20] [21] , and endothelial cells [22] [23] , so the possible toxicity of this drug remains a subject of intense debate [11] .
To determine risk factors for corneal haze, the correlation between the grade of the corneal haze and other clinical parameters, which are degrees of preoperative myopia, pre-and postoperative corneal thickness, and the diameter and depth of ablation, should be evaluated. It is very difficult to evaluate the grade of corneal haze in each enrolled patient retrospectively. Instead, because the degree of preoperative myopia may be one risk factor for postoperative haze, we studied the correlation between loss of two or more lines of BSCVA and the degree of preoperative myopia. As shown in Figure 1 , the decimal VA converted from the mean logMAR of the postoperative BSCVA was between 1.2 and 1.5 in all myopia groups; therefore, LASEK seems to be safe in terms of obtaining mean BSCVAs of >1.2 with all preoperative myopia groups. However, when we compared the incidence rate of losing two or more lines of BSCVA, we found the high or ultra-high myopia groups had a signifi-cantly higher incidence rate than the low or mild myopic groups at 3 months or 6 months postoperatively. Our results suggested that LASEK is less safe in terms of minimal loss of VA in high to ultra-high myopia groups than in groups with less pronounced myopia. LASEK seems to have increased risk when the preoperative SE is more than 6.125 D. LASEK is a viable option for many surgeons to avoid flap-related complications, including dissection of corneal nerves [24] - [26] and retinal tear production caused by the suction ring of the microkeratome. Consequently, we consider LASEK as more safely performed in patients with less than 6.00 D of preoperative SE.
